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MEDICAL TACK WITH A VARIABLE EFFECTIVE LENGTH 


[0001] This application is related to US Patent 6,165,192, Method and 

Apparatus for Intraocular Retinal Tack Inserter and US Patent Application 
09/783,236, Implantable Retinal Electrode Array Configuration for Minimal 
Retinal Damage and Method of Reducing Retinal Stress, the disclosures of 
which are incorporated herein by reference. 
[0002] This invention was made with government support under grant No. 

O R24EY1 2893-01 , awarded by the National Institutes of Health. The 

^ government has certain rights in the invention. 

Field of the Invention 

jp [0003] The present application relates to medical tacks, and more specifically 

\* to medical tacks designed to attach to body tissues of variable thickness. 

q Background of the Invention 

J" [0004] It has been know since the 1700s that nerves carry their signals 

C3 throughout the body by electricity. Far more recently, we have learned that 

we can partially control those signals by applying an electrical signal to a 
nerve ending. One of the most difficult forms of nerve stimulation is the 
creation of artificial sight by electrically stimulating the retina. 
[0005] US Patent 5,109,844 ("De Juan") and US Patent 5,935,155 

("Humuyan") disclose systems for the electrical stimulation of the retina by a 
retinal electrode array held against the retina. Retinal Tacks, first used to 
repair detached retinas, provide one method of attaching a retinal electrode 
array such as those described in De Juan and Humuyan. US Patent 
6,165,192 ("Greenberg") describes retinal tacks and methods of implanting 
retinal tacks to secure a retinal electrode array. 
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[0006] Some prior retinal tacks pierce the retina and sclera, and attach via an 

integral barb to the back side of the sclera. The problem with the prior art, is 
that scleras vary in thickness. If a tack is too long for a given sclera, the 
retinal electrode array will not be held in contact with the retina, causing poor 
electrical contact with the retina. If the tack is too short, the retinal electrode 
array will apply too much force on the retina, limiting blood flow under the 
retinal electrode array. This limited blood flow causes a condition similar to 
glaucoma. The effects of glaucoma begin when the vitreous humor reaches 
a pressure of 0.2 g/mm 2 . Therefore the pressure exerted by the retinal 
electrode array must be less than 0.2 g/mm 2 . 
O [0007] Medical tacks have been used in other applications, such as 

• % q reattaching a detached retina and repairing a torn eardrum. Again, the 

s r tissue behind the eardrum can vary in thickness, causing too much or too 

=F little force on the damaged eardrum when a tack is inserted. A system is 

\ j needed which is capable of holding a medical device in contact with tissue, 

J\ or holding two pieces of tissue together, without exerting such force on that 

tissue, that the tissue is damaged. 
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Summary of the Invention 
[0008] The present invention addresses these and other short comings in the 

prior art by providing an improved medical tack. The tack of the present 
invention includes attachment points at each end where at least one of the 
attachment points is moveable, varying the effective length of the tack. A 
preferred embodiment includes a barb near its point to attach to the back 
side of the selected tissue and an adjustable base, preferably a spring 
loaded adjustable base. The tack exerts controlled force on a medical 
device, or directly to tissue, provided that the tissue thickness is within a 
selected range. 


-3- 


S145-USA 


Brief Description of the Drawings 


[0009] 

[0010] 
[0011] 

[0012] 
C3 [0013] 
SJ [0014] 
K [0015] 
| [0016] 
C3 [0017] 

[0018] 


Preferred embodiments demonstrating the various objectives and 
features of the invention will now be described in conjunction with the 
following drawings: 

Fig. 1 the preferred retinal tack. 

Fig. 2 the preferred retinal tack show at 90° to Fig. 1 and inserted into 
a retina. 

Fig. 3 is a retinal electrode array which can be secured by the 
preferred retinal tack. 

Fig. 4 is a cross section of a dome spring alternate embodiment of the 
retinal tack, according to the present invention. 

Fig. 5 is a cross section of a leaf spring alternate embodiment of the 
retinal tack, according to the present invention. 

Fig. 6 is a cross section of a screw alternate embodiment of the retinal 
tack, according to the present invention. 

Fig. 7 is a cross section view of an insertion tool holding a tack, 
showing how the tool contacts an adjustment nut. 

Fig. 8 is a cross section view of the insertion and adjustment tool 
holding a tack at 90° to Fig. 7. 

Fig. 9 is a cross section view of a tie tack alternate embodiment of the 
retinal tack, according to the present invention. 
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Detailed Description of the Preferred Embodiments 
[0019] Figure 1 shows the preferred retinal tack 10. The tack 10 includes a 

shaft 12 having a point 14 and a base 16. Just behind the point 14 is a barb ' 
18 which hooks on the backside of the selected tissue, a sclera in the 
preferred embodiment, and tends to prevent the tack 10 from being 
withdrawn. A flange 20 is formed around the base 16 of the tack 10 to form 
a seat for a coil spring 22 surrounding the shaft 12. A mounting stud 24 
extends beyond the flange 20 to provide an access point for an insertion tool 
(described later with reference to Figures 7 and 8). 
[0020] A washer 26 is provided on the end of the spring 22, to provided even 

In contact with a retinal electrode array 28. All of the parts of the tack 1 0 must 

^ be biocompatible. In the preferred embodiment, the point 14, barb 18, shaft 

Iff 12, base 16, flange 20 and mounting stud 24 are all machined from a single 

?y piece of Ti-6AI4V Eli (Extra Low Interstitial) Titanium. Stainless steel would 

^ also work well for fabricating the tack 10. The spring 22 is also formed from 

M> the same titanium alloy. The tack 10 and spring 22 are joined by silicone 

Jt based glue (not shown). Alternatively, the washer can be placed loosely 

Q against the spring and held in place by the spring's force. The washer 26 is 

il preferably silicone and attached to the spring by silicone based glue. 

Fabricating the washer 26 of silicone gives additional elastic effect. 
Alternatively, the washer 26 can be made of a fluoropolymer such as 
tetrafluorethylene (Teflon). A tetrafluorethylene washer has no elastic effect 
but slides more freely along the shaft 12, and thereby helps avoid stress 
concentrations. The electrode array 28 (as described in greater detail below 
with reference to Figure 3) is made of a highly compliant material such a 
silicone. This is necessary to minimize damage to the retina. The washer 
26 helps to spread the force of the spring 22 across a larger area of the 
electrode array 28, and, thereby prevent damage to the electrode array 28. 
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[0021] As shown in Figure 2, the tack 10 is inserted through a retina 30 and 

sclera 32, until the barb 18 hooks on the back side of the sclera 32. Figure 2 
shows the tack 10 viewed 90° from the view of Figure 1 . The point 14 and 
barb18 form a flat blade, wider in the orientation shown in Figure 1 , than 
shown here in Figure 2. The preferred spring 22 exerts a force of three 
grams when half loaded, and four grams when mostly compressed. Three 
grams of force on a 24 mm 2 electrode array creates a pressure of 0.124 
g/mm 2 which is less than the 0.2g/mm 2 allowable, but still sufficient to create 
a good contact. Four grams of force, when the spring is mostly compressed, 
over the 24 mm 2 electrode array creates a pressure of 0.167 g/mm 2 which is 
still less than the 0.2 g/mm 2 allowable. It should be noted that the electrode 
array 28 is not a rigid structure and, therefore, does not distribute the springs 
force evenly across the retina. While pressure on the retina may exceed 0.2 
g/mm 2 locally around the tack 10, the area around the tack 10 is less 
important as explained in greater detail with respect to Figure 3. Coil springs 
are well suited to the present invention, because they are highly compliant, 
and exhibit less force variation, over their working range, than other spring 
types. Coil springs are well adapted to exerting very low forces. 

[0022] Retinal tacks must be made in very small dimensions. The average 

sclera and retina thickness is 0.04 inches with a maximum rarely exceeding 
0.058 inches. This means the distance between the barb 18 and the base of 
the retinal electrode array 28 must be 0.058 inches when the spring is mostly 
relaxed and 0.040 when the spring is half compressed, to a fit the maximum 
number of scleras. The shaft 12 must also be small to limit trauma to the 
retina. The preferred tack 10 has a shaft 12 diameter of 0.007 inches. 

[0023] Figure 3 provides a isometric view of a preferred embodiment of the 

retinal electrode array 28, including an oval-shaped electrode array body 54, 
a plurality of electrodes 56 made of an electrically conductive material, such 
as platinum or one of its alloys, but that can be made of any conductive 
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biocompatible material such as iridium, iridium oxide or titanium nitride. The 
electrodes are individually attached to separate conductors 58 made of a 
conductive material, such as platinum or one of its alloys, but which could be 
made of any biocompatible conductive material, that is enveloped within an 
insulating sheath 60, that is preferably silicone, that carries an electrical 
signal to each of the electrodes 56. "Oval-shaped" electrode array body 
means that the body may approximate either a square or a rectangle shape, 
but where the corners are rounded. 
[0024] The electrode array body 54 is made of a soft material that is 

n compatible with the body. In a preferred embodiment, the array body 54 is 

made of silicone having a hardness of about 50 durometer or less on the 

h| Shore A scale. It is a substantial goal to have the electrode array body 54 in 

% intimate contact with the retina of the eye. 

fU[0025] A strain relief internal tab 62, defined by a strain relief slot 63 that 

s passes through the array body 54, contains a mounting aperture 66 for 

fixation of the electrode array body 54 to the retina of the eye by use of the 
M tack 10. A reinforcing ring 64 is colored and opaque to facilitate locating the 

□ mounting aperture 66 during surgery and may be made of tougher material, 

^ such as higher hardness silicone, than the body of the electrode array body 

54 to guard against tearing. 
[0026] A grasping handle 68 is located on the surface of the electrode array 

body 54 to enable its placement by a surgeon using forceps or by placing a 
surgical tool into the hole formed by the grasping handle 68. The grasping 
handle 68 avoids damage to the electrode body that might be caused by the 
surgeon grasping the electrode body directly. The grasping handle 68 also 
minimizes trauma and stress-related damage to the eye during surgical 
implantation by providing the surgeon a convenient method of manipulating 
the electrode array body 54. The grasping handle 68 is made of silicone 
having a hardness of about 50 durometer on the Shore A scale. 
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[0027] Retinal tacks necessarily cause some damage to the retina. This is 

not of great importance since retinal arrays are only implanted in defective 
retinas. However, it is important not to damage the stimulated portion of the 
retina, or nerves and blood vessels that supply the stimulated portion of the 
retina. Hence, the mounting aperture 66 is placed off center and the retinal < 
array body 54 is oriented such that the electrodes 56 fall between the tack 
10 and the optic nerve (not show). 

[0028] Figure 4 shows an alternate retinal tack 10. It should be noted that 

while only Figure 2 shows the tack 10 inserted in body tissue, it should be 
obvious to one skilled in the art that the other tacks shown can be inserted in 
the same manner. The tack 10 includes the shaft 12 having point 14 and 
base 16. Just behind the point 14 is the barb 18. The flange 20 is formed 
around the base 16 of the tack 1 0 to form a seat for a dome spring 80 
surrounding the shaft 12. The mounting stud 24 extends beyond the flange 
20 to provide an access point for the insertion tool. The dome spring 80 
spreads its force over a greater area than the coil spring 22. However, a 
washer 82 under the bottom edge of the dome spring 80 is still helpful to 
spread the contact area with the retinal electrode array 28. 

[0029] It should be noted that a dome is normally a highly rigid structure. To 

achieve a resilient structure, as required here, the dome should be very thin, 
slotted, or made of a soft elastomer material such a silicone. Elastomer 
dome springs are commonly used in keyboards. A slotted dome can be 
made with vertical slots 81 , or spiral slots 83. Spiral slots 83, or a coil spring 
made in the shape of a dome, can create a spring that has the advantages 
of coil spring 22 and dome spring 80. The dome shaped coil spring 
resembles those found in flashlights, except significantly smaller. A dome 
shaped coil spring provides the force spreading of a dome, and the softness 
and long range of a coil spring. A dome shaped coil spring provides a longer 
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range than a cylindrical coil spring due to the dome shaped coil spring's 
ability to fold inside itself. 
[0030] Figure 5 shows an alternate retinal tack 10. The leaf springs 84, like 

the dome spring 80, spread their force over a greater area than the coil 
spring 22. However, contact pads 84 under the bottom edge of each leaf 
spring 84 are still helpful to provide even contact with a retinal electrode 
array 28. As described in Figure 3, the mounting aperture 66 in retinal array 
28 is off center. The alternate embodiment shown in Figure 5, allows for leaf 
springs 84 of varying lengths to provide more even force on the retinal 
electrode array 28, and to protect the retinal electrode array 28 from 
damage. Shorter springs tend to be more rigid. To achieve even force at 
multiple contact points on the retinal electrode array 28, each leaf spring 84 
can be manufactured in a different material, thickness or shape. Generally, 
longer leaf springs need to be thicker and/or straighten Shorter leaf springs 
need to be thinner, and/or more curved. Leaf springs 84 may include a loop 
88, to make the spring softer. Depending on the spring material used, all 
leaf springs 84 may require a loop 88 to achieve the correct force on the 
retinal electrode array 28. As described earlier, the total force should be 
very small, preferably limited to about 4 grams total across all of the leaf 
springs. 

[0031] In addition to those shown here, nearly limitless spring arrangements 

can be designed by one skilled in the spring art. Further, materials with 
elastic properties, such a silicone, can be used in place of a spring. A 
silicone washer, such as washer 26 shown in Figure 2, can be constructed of 
suitable thickness and softness to act as a spring. 

[0032] Figure 6 depicts another embodiment of the present invention. The 

tack 10 in this embodiment includes threads 102 and a nut 104. The nut 104 
acts like the washer 20 to spread the force applied to the retinal electrode 
array 28. It this embodiment, the effective length of the tack 10, and thereby 
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the force applied, is adjusted by tightening or loosening the nut 104. The 
tack 10 includes a bolt head 106 to prevent rotation of the tack 10, while 
rotating the nut 104. The nut 104 includes notches 108 to allow engagement 
with the insertion tool described below with reference to Figures 7 and 8. 
Implanting the retinal electrode 28 and the tack 10 into an eye, and then 
turning the nut 104, while not turning the tack 10, is not simple. 

[0033] Figure 7 depicts an insertion tool 120 for both inserting the tack 10 

and adjusting the nut 104. The insertion tool 120 includes three long tubes 
nested within each other. Innermost is the tack holding tube 122 including a 
half circular tack receiver 124 ending in a lip 126. The tack mounting stud 24 
nests within the tack receiver 124. The lip 126 at the end of the tack receiver 
124 contacts the bolt head 106, and prevents the tack 10 from rotating. The 
tack holding tube moves through a stationary tube 128, such that when the 
tack receiver 124 holds a mounting stud 24 and is drawn into the stationary 
tube 128, the tack 10 is held firmly. However, when the tack holding tube 
122 is moved forward exposing the tack receiver 126, the mounting stud 24 
is free to move out of the tack receiver 126. A wrench tube 120 surrounds 
the stationary tube 128 and contacts the nut 104. This is shown more clearly 
in Figure 8. The wrench tube includes teeth 132 to engage the notches 108, 
and turn the nut 104. The insertion tool 120 is adapted to insert the tack 
described in Figure 6. However, the insertion tool 120 is capable of inserting 
any of the alternate tacks described in this application. A variation of 
insertion tool 120 without the wrench tube 130 would be capable of inserting 
the tacks described in Figures 1,2,4, and 5. 

[0034] In the tack 10 shown in Figure 9, the rear anchor point is the fixed 

flange 20, and the front anchor point varies with the thickness of the sclera. 
The front anchor point is a lock ring 150, including spring teeth 152. As the 
tack 10 pierces the lock ring 150, the spring teeth 152 are deflected. The 
shaft 12 can slide easily in the direction of deflection. However, any attempt 
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to withdraw the tack 10 from the lock ring 150 will cause the spring teeth 152 
to engage the shaft 12. While this embodiment does not include the barb 
18, the shaft 12 may includes a series of ridges to help the spring teeth 152 
engage the shaft 12. A further variation may include threads on the shaft 12 
and a nut in place of lock ring 150. While the alternate embodiment 
achieves a high reliability of fixation of the tack 10, it requires more 
complicated surgery, as it requires accessing the back of the sclera. 

The above detailed description is provided to illustrate the specific 
embodiments of the present invention and is not intended to be limiting. 
Numerous variations and modifications are possible within the scope of the 
present invention. For example, the tack of the present invention can be 
applied to a wide range of medical devices which require attachment to 
tissue of varying thickness. The tack of the present invention can also be 
used for tissue repair, such as to reattach a detached retina, or reattach a 
torn eardrum, either alone or with a patch. The present tack can also be 
used for gut repair by overlapping the torn gut and attaching it with the tack 
of the present invention. The present tack can be used for attaching other 
electrodes such as a spinal chord electrode or cortical electrode. A cortical 
electrode can be attached by piercing a gyrus with a spring tack. The 
present invention is defined by the following claims. 


